In the present study, tensile tests were carried out to investigate the tensile behaviors of textile reinforced mortar (TRM) composite specimens. The TRM specimens were composed of one layer of carbon fibers, as the reinforcement, and aluminum cement-based mortar, as the matrix. The primary parameter of the test specimens was the anchorage method, which was newly developed to improve the tensile behavior of the composite: spreading the ends of fiber filaments, reinforcing the ends of fiber filaments using glass fiber reinforced polymer tabs or steel rebars, and coating the ends of fiber filaments with aluminum oxide powder. From the test results, it was found that most TRM specimens using developed anchorage methods exhibited ductile behavior. Moreover, the use of the developed anchorage methods could increase the cracking strength and peak strength of the composite specimens up to 66.1 and 97.9%, respectively. The failure mode of the test specimens was governed by a partial rupture of carbon fibers, except for the BASE specimen and specimen reinforced with steel rebars. Finally, the tensile stress-strain relationship of TRM specimens was idealized as bilinear stress-strain response curves following the guidance specified in ACI 549.4R-13.
Introduction
Externally bonded composite materials, such as fiber reinforced polymers (FRPs), were widely used as a retrofitting technique by engineers for repairing and strengthening existing masonry and concrete structures. The advantages of FRP composites are; they are lightweight, have corrosion resistance capacity, excellent curing and strength development at room temperature, high tensile strength and elastic modulus, and they can be arranged in various shapes as required in an application (Dai et al. 2011; Ray and Rathore 2015) .
However, the cost of organic matrices, such as epoxy resin, is relatively high. The use of organic matrices in FRP composites could result in a reduction of tensile strength at high temperatures, diminish the vapor permeating capacity and low fire resistance. In addition, their compatibility with substrate materials should be carefully considered and there is no reversibility of the installation, such as substitutability and removability (Wu et al. 2014; Cao et al. 2012) . Thus, from 1980s, the use of inorganic matrices, e.g. cement-based mortars, as substrates of composite materials, was introduced to expectedly reduce the shortcomings as aforementioned (Brameshuber 2006; Nanni 2012) . The development of cement-based mortars resulted in an alternative solution between FRP composites and fiber reinforced mortar (FRM) or textile reinforced mortar (TRM) composites for the structural retrofitting. The TRM composite consisted of fibers in form of textiles and inorganic matrices. The use of textiles as reinforcement fabric could help to overcome the interfacial bonding between fibers and mortar matrix in TRM composites due to their good interlock performance through textile mesh openings (Triantafillou and Papanicolaou 2005; Ombres 2015) . However, for the further applications of TRM composites, a number of experimental programs have been performed for better understanding of the mechanical properties, especially tensile behaviors of TRM composites Page 2 of 13 Kim et al. Int J Concr Struct Mater (2018) 12:73 (Contamine et al. 2011; Donnini et al. 2016; Carozzi et al. 2014; Larrinaga et al. 2014) . Caggegi et al. (2017) investigated experimentally the effects of different reinforcing textile ratios and various kinds of mortar on the tensile behavior of basalt TRM composite specimens. From the test results, it was found that the use of a more resistant mortar resulted in closer cracks in the TRM specimens, which developed at the location of the transversal roving. In addition, using lower strengthening ratio of basalt fibers showed higher tensile strengths. In the study by Donnini and Corinaldesi (2017) , the same behavior was also investigated when multiple fabric plies were used in the TRM composites. Moreover, the tensile test results also indicated that the use of coated fabrics, including carbon and basalt fibers, could improve the ultimate tensile strength and modulus of elasticity in the cracked stage (Signorini et al. 2018) . The use of cementitious mortar slightly increased the ultimate strength of FRCM composites in comparison to that of lime-based mortar. Besides, in the case of the coated carbon reinforcement fabric, using cementitious mortar instead of a lime-based mortar might change the failure mode from fibers slippage within the matrix to fibers rupture. D' Antino and Papanicolaou (2018) compared the effect of two different tensile test setups including clamping-grip and curved-flange methods on mechanical behavior of inorganic matrix composites. The clampinggrip method was applied to rectangular prism specimens while the curved-flange method was applied to dumbbell specimens. From the test results, it was found that using different test setups resulted in completely different tensile behaviors for the same composite material. Thus, the tensile test results should be consistent with selected test setups. In addition, Donnini and Corinaldesi (2017) , De Santis and de Felice (2014), Larrinaga et al. (2013) also investigated that the use of various clamping methods of the TRM specimens at the gripping areas could significantly affect the tensile behaviors of the composite specimens during the direct tensile test.
In this study, experimental studies on the tensile behaviors of TRM specimens were investigated through direct tensile tests according to ACI 549. 4R-13 (2013) and AC434 (2011) . The specimen was manufactured by using one layer of carbon fiber-textile reinforcement and aluminum cement-based mortar. Different anchorage methods were developed in the gripping areas to improve the tensile behavior of the composite. Such methods included spreading the ends of fiber filaments, reinforcing the ends of fiber filaments using glass fiber reinforced polymer (GFRP) tabs or steel rebars and coating the ends of fiber filaments with aluminum oxide powder. The test results were analyzed in terms of initial stiffness, cracking strength and strain, modulus of elasticity of cracked stage, and peak strength and correlative ultimate strain. Finally, the test results were idealized as bilinear tensile stress-strain response curves based on ACI 549.4R-13 (2013) standard.
Experimental Program

Material Properties
In this study, the textile reinforced mortar (TRM) was fabricated using two primary elements of textile reinforcement and mortar. The textile reinforcement was made from T700S carbon fiber yarns. Each carbon fiber yarn had an average thickness of 0.21 mm and consisted of 24k filaments with filament diameters of 7 μm (see Fig. 1a ). In addition, as given by the manufacturer, the tensile strength, elastic modulus and ultimate tensile strain of the carbon fiber filaments were 4900, 230,000 MPa, and 0.015, respectively. Figure 1b , c present the details of carbon fiber yarn used as a textile reinforcement in this study. It should be noted that such textile reinforcement was fabricated in laboratory by the authors. In general, for each textile reinforcement in the longitudinal direction, four yarns of carbon fiber were used, and the carbon fibers in the longitudinal and horizontal directions were glued together (Fig. 1b) . It should also be noted that the longitudinal yarns were composed of three carbon fiber layers and kept straight during the making of the test specimens. Thus, the total thickness of longitudinal yarns was approximately 0.63 mm and the number of carbon fiber filaments was 72,000. The horizontal yarns were composed of two layers of carbon fiber and were in braided shape. Consequently, the horizontal fibers have a theoretical thickness of 0.42 mm and comprised of 42,000 carbon fiber filaments. The textile reinforcement net was intentionally made to be balanced with a spacing of 20 mm, center to center (see Fig. 1c ). The free space between yarns was approximately 13.2 mm.
In this study, an alumina cement-based mortar was used as the matrix. Alumina cement has excellent heat resistance and fluidity. In the mortar proportion, granular sand with a granulation ratio of 2.6 was used. The ratio between water and granular sand was 1:2, and that of granular sand and fine aggregate was 1:3. The average compressive strength of mortar was 39.56 MPa, which was tested according to the test standard KS L 5105 (2017).
Test Specimens
In this study, a direct tensile test of TRM specimens was carried out according to ACI 549. 4R-13 (2013) and AC434 (2011) . Figure 2 shows the geometrical details of the TRM test specimen. In the figure, the TRM test specimen has a prismatic shape with a rectangular cross section of 80 × 30 mm (width × thickness). The overall length of the TRM test specimen was 450 mm, including the gripping areas, transition zones and a central area in which the strain of the specimen could be measured. The length of the gripping area, transition zone and central area was 125, 10, and 180 mm, respectively. At the gripping areas (at two ends of the test specimen), glass fiber reinforced polymer (GFRP) plates were used as clamping grip materials, and the determination of the gripping length was based on the studies by Donnini and Corinaldesi (2017) and Arboleda et al. (2016) . The purpose was to avoid slippage between the test specimen and grip of the testing machine and any damage within the gripping zones. In addition, it was also to induce pressure to the specimen ends to partially enhance the stress-transfer mechanism between the reinforcement fabric and matrix. It was noted that the stress in the transition zone was influenced by the clamping pressure. In some cases the crack had occurred in the transition zone. Therefore, in this study, the GFRP plates in the gripping areas were lengthened to the transition zones to avoid such cracks (see Fig. 2 ). It also should be noted that all test specimens had the same geometrical properties and clamping grip method. In addition, as shown in Fig. 2 , for each test specimen, only one layer of reinforcement fabric was embedded in the mortar matrix.
Five different anchorage methods were developed and experimented in this study. The purpose of the various anchorage methods was to improve the bonding between fibers and matrix to prevent slippage of fibers before reaching the ultimate load-carrying capacity (Carozzi and Poggi 2015; Ascione et al. 2015; Leone et al. 2017) . Page 4 of 13 Kim et al. Int J Concr Struct Mater (2018) 12:73 For each anchorage method, two specimens were made and tested. The number of test specimens was relatively fewer than the other studies (Donnini and Corinaldesi 2017; De Santis and de Felice, 2014; Carozzi et al. 2017; D' Antino and Papanicolaou 2017) . Thus, in the further research, for selected anchorage methods, additional test specimens are necessary to improve the test results reliability. The details of anchorage methods are presented in Fig. 3 . In the figure, it can be seen that the anchorage was applied only in the gripping areas. It should be noted that to distinguish the TRM test specimens, the specimens were named following the anchorage methods. In Fig. 3a , no anchorage method was applied to the TRM specimen, which was considered as a control specimen and named BASE. Figure 3b describes the details of the TRM specimen named SPREAD. In this test specimen, at the gripping areas, carbon fiber filaments of the textile reinforcement mesh were separated and expanded to enlarge the bonding area between cement mortar and textile reinforcement mesh. In the case of the specimen named TAB (see Fig. 3c ), two glass fiber reinforced polymer (GFRP) tabs with dimensions of 60 × 60 mm were installed inside the specimen to clamp textile reinforcement mesh at the gripping areas. In addition, with holes having a diameter of 5 mm equally arranged on GFRP tabs, it was expected to improve the fixing performance by the pressure between the cement mortar and GFRP tabs. In Fig. 3d , at the end of the specimen named REBAR, two short pieces of D10 reinforcing bars, having diameters of 10 mm and lengths of 80 mm, were wound and fixed by longitudinal carbon fiber filaments of the textile reinforcement mesh. In the case of the specimen named L_COAT (Fig. 3e ), carbon fiber filaments of textile reinforcement mesh in the gripping areas were partially impregnated with epoxy resin and coated with aluminum oxide powder that had a diameter of 250 μm (Brauer et al. 1967; Xie and Sherwood 1994) . The anchorage details of the specimen named SL_COAT are presented in Fig. 3f . Similar to the L_COAT specimen, carbon fibers in the gripping area of SL_COAT specimen were first impregnated with epoxy resin. Two carbon fiber sheets (60 × 120 mm) were then attached to clamp such carbon fiber mesh by using epoxy resin. Finally they were also coated with aluminum oxide powder.
Test Setup and Measurements
Tensile tests were performed using a universal testing machine (UTM) with a loading capacity of 1000 kN. The test setup of the tensile tests for TRM specimens is presented in Fig. 4 . As shown in the figure, prior to testing, the gripping areas of the TRM test specimens were clamped with a couple of steel plates and then fastened by use six bolts. The clamping force induced by the fastening force of these six bolts was considered to be the gripping pressure applied to the test specimens. In this study, the clamping force applied to the specimen surface was approximately 126 kN resulted in a clamping stress of 12.6 MPa. This clamping stress was much lower than the compressive strength of the matrix (39.56 MPa), thus the mortar crushing could be avoided. In addition, the slippage between the GFRP and steel plates could also be prevented. The alignment of the test specimen and steel plates was very important to avoid a bending moment that could arise during the loading. The test specimens were then connected with a testing machine through a steel bar, which can rotate freely (see Fig. 4a ). Finally, the tests were carried out in a displacement control manner with a test velocity of 0.5 mm/min. In this study, to measure the tensile strain of the test specimens, two linear variable displacement transformers (LVDT) were installed within the central area (180 mm) along the vertical direction of the test specimens. In addition, another LVDT was centrally placed on the horizontal direction of the test specimen to measure the rotation Page 5 of 13 Kim et al. Int J Concr Struct Mater (2018) 12:73 of the specimen due to partial stiffness reduction (see Fig. 4 ).
Experimental Results and Discussions
Failure Mode
The tensile strength of a TRM test specimen is mainly governed by the strength of carbon fibers and interfacial bonding strength between the carbon fibers and mortar matrix. Figure 5 shows three different types of failure modes that were obtained during tensile test of TRM specimens according to the studies by Loene et al. (2017) and Carozzi et al. (2017) . Figure 5a describes the failure mode A, of which tensile failure occurs in the transition zone near the gripping area. This is due to the biaxial stress in the transition zone induced by the combination of compressive force of the gripping clamps and applied tensile force. Failure mode B (Fig. 5b) is caused by rupture of carbon fibers after cracking of the mortar matrix along the length of the test specimen. Meanwhile, in the case of the failure mode C (Fig. 5c ), major cracking of the mortar matrix is also observed but the final failure is due to the slippage of carbon fibers within the mortar matrix at the gripping area. Figure 6 presents crack patterns of the test specimens in this study. In the case of the BASE specimen (Fig. 6a) , the cracks occurred near the gripping area. However, Page 6 of 13 Kim et al. Int J Concr Struct Mater (2018) 12:73 the final failure is due to the fibers slippage within the mortar matrix (failure mode C). The failure mode of the REBAR specimen was also denoted as C, with the subsequent fibers slippage after cracking of the mortar matrix (see Fig. 6d ). The slippage between the fibers and mortar could be explained that due to the compressive action of the clamping grip, minor cracks might occur at the interface between the mortar and steel rebars, which could result in the reduction of interfacial bonding in the gripping area. Meanwhile, in the case of the SPREAD specimen, as shown in Fig. 6b , at failure, the longitudinal carbon fibers were ruptured after the first crack of the mortar matrix. However, the failure mode of the SPREAD specimen could be classified into A or B because such cracks occurred both near the gripping area and in the central zone. The other test specimens-including TAB, L_COAT and SL_COAT in Fig. 6c , e, f, respectively-exhibited almost the same failure modes as those of the SPREAD specimen.
Tensile Behaviors of TRM Test Specimens
In this study, the tensile behaviors of TRM test specimens were investigated in terms of initial stiffness (E) referred to as un-cracked stage of the specimens, cracking strength (f ft ), peak strength (f fu ) and ultimate strain (ɛ fu ). The initial stiffness was determined in the range of 40% of the cracking strength and correlative strain. The strength was calculated as the applied load divided by the total cross section area of carbon fiber filaments. The ultimate strain was defined as the point from the test results.
In the BASE specimen, ɛ fu was defined in the descending branch. However, in the other specimens, ɛ fu was defined in the ascending branch. In addition, coefficient of variations of each parameter and envelope of experimental curves was also provided to estimate the variability of the test results. The stress-strain response curves of the TRM test specimens in this study are presented in Figs. 7, 8 and Table 1 . In general, all the test specimens showed a load Page 7 of 13 Kim et al. Int J Concr Struct Mater (2018) 12:73 drop in the experimental curves due to the crack development within the mortar matrix. After that, the final failure of these test specimens was governed by the rupture of carbon fibers or fibers slippage. The contribution of mortar in the uncracked stage is actually apparent because the initial stiffness is considerably higher than that of the carbon fiber filaments. As shown in Fig. 7 , the tensile stress-strain curves were located above that of carbon fiber filaments except for the cases of the BASE and REBAR specimens. This is due to the tension stiffening effect of the mortar matrix (D' Antino and Papanicolaou 2017). It should be noted that the ultimate tensile strength and strain of carbon fiber filaments obtained from the test results in this study was 3741.9 MPa and 0.015, respectively. In the case of the BASE specimen (Fig. 7a) , after cracking, residual stress showed a sudden drop due to the slippage of fibers within the mortar matrix. As presented in Table 1 , the average initial stiffness of the BASE specimen was 7211.1 GPa with a coefficient of variations (COV) of 0.029. The average cracking strength was 838.8 MPa with a COV of 0.174. In addition, the average ultimate strain was observed as 0.0044 with a COV of 0.016. The peak strength of the BASE specimen could not be determined Page 8 of 13 Kim et al. Int J Concr Struct Mater (2018) 12:73 because of the fibers slippage in one specimen. Thus, in this BASE specimen, the peak strength (846.0 MPa) was obtained from only one test specimen. For all that, it can be seen that the peak strength was almost the same as the cracking strength. Figure 7b presents the stress-strain relationships of the SPREAD specimens. As shown in the figure, during the crack development, the tensile stress was smoothly transferred to the carbon fibers, and the slope of the stress-strain curve was almost parallel to that of the carbon fiber filaments. As presented in Table 1 , the initial stiffness, cracking strength, peak strength, and ultimate strain of the SPREAD specimen was 2216.4 GPa, 891.7, 1580.7 MPa and 0.0059. According to ACI 318-14 (2014) , for a flexural concrete member, the minimum tensile strain that is required is 0.004. Thus, the obtained ultimate strain is greater than that specified in the ACI 318-14 (2014) . From Fig. 7b and Table 1 , it can be seen et al. Int J Concr Struct Mater (2018) 12:73 that the ultimate strain of the two SPREAD specimens showed a scatter with a COV of 0.192. Meanwhile, the initial stiffness, cracking strength and peak strength of the two SPREAD specimens were almost the same. Figure 8a compared the tensile behaviors of the SPREAD specimen with those of the BASE specimen. It is clear that by using a spread anchorage method, the cracking strength increased approximately 6.3%. In particular, the peak strength increased significantly up to 86.8%. It was attributed to the fact that the spread of carbon fibers in the gripping areas increased the interfacial bonding area between fibers and mortar matrix, and thus caused a considerable improvement of the bonding strength of the fibers and matrix. The stress-strain response curves and mechanical parameters of the TAB specimen are presented in Fig. 7c and Table 1 , respectively. In terms of the first crack, the average cracking strength was 976.7 MPa with a COV of 0.153. The average peak strength and ultimate strain was 1501.1 MPa and 0.0055, respectively. The ultimate strain was also higher than the required value (0.004) specified in ACI 318-14 (2014). Clearly, similar to the SPREAD specimen, the use of GFRP tabs as an anchorage method could significantly increase both the cracking and peak strengths. Figure 8b shows the comparison of test results of the TAB specimen with those of the BASE specimen. The increase of the TAB specimen in terms of the cracking and peak strengths compared to those of the BASE specimen were approximately 16.4 and 77.4%, respectively. The initial stiffness of the TAB specimen was also higher than that of the BASE specimen. However, it showed a significant scatter (COV = 1.051). Figure 7d shows the stress-strain response curves of the REBAR specimen. As shown in the figure, the response curves of the REBAR specimen were similar to those of the BASE specimen. However, in comparison to the BASE specimen, the residual stress after cracking of the REBAR specimen was significantly greater, and showed almost a flat trend until failure of the test specimen. The REBAR specimen showed ductile behavior with the ultimate strain up to 0.01. Figure 7e presents the stress-strain curve obtained from the test results of the L_COAT specimen. It should be noted that one of the L_COAT test specimens failed during manufacturing. Thus, the test parameters were obtained from only one specimen. The cracking and peak strengths of the L_COAT specimen were 1602.5 and 1646.0 MPa, respectively. It is evident that the cracking and peak strengths of the L_COAT specimen were greater than those of the BASE specimen (see Fig. 8d and Table 1 ). In addition, the initial stiffness of the L_COAT specimen also increased up to 46.9%. Meanwhile, the ultimate strain of the L_COAT specimen showed relatively low with a value of 0.0021, which was considerably less than the minimum requirement of the flexural strain of 0.004 (ACI 318-14 2014) .
The experimental results of TRM specimens, using SL_ COAT as an anchorage method, are presented in Fig. 7f in terms of stress-strain response curves. The mechanical parameters are presented in Table 1 . From Fig. 7f and Table 1, the average cracking and peak strengths of the SL_COAT specimen were 1393.2 and 1673.9 MPa, respectively (see Table 1 ). Figure 8e presents the comparison between the SL_COAT and BASE specimens in terms of stress-strain behavior. Similar to the L_COAT specimen, the use of a combination of carbon fiber sheets and coating carbon fiber filaments, with epoxy and aluminum oxide powder, could significantly increase the cracking and peak strengths of the SL_COAT specimen up to 66.1 and 97.9%, respectively, compared to those of the BASE specimen. Meanwhile, the obtained ultimate strain was in a range of 0.0026-0.0043. In general, the SL_COAT specimen showed a brittle failure with an average ultimate strain of 0.0035, which was less than et al. Int J Concr Struct Mater (2018) 12:73 the flexural strain (0.004) specified in ACI 318-14 (2014) . Moreover, the initial stiffness was also less than that of the BASE specimen, approximately 49.9%. From the obtained test results in this study, it could be found that the most developed anchorage methods showed effectiveness on improving the mechanical behaviors of the TRM specimens. Figure 9 presents the comparison of the test results obtained from different anchorage methods in terms of the cracking and peak strengths, and ultimate strain. As shown in Fig. 9a, b , the coated specimens with aluminum oxide powder (L_COAT and SL_COAT) showed effectiveness in the increase of cracking strength. In addition, except for the specimen reinforced with steel rebar (REBAR), the remained anchorage methods showed effectiveness in the increase of the peak strength. In Fig. 9c , the coated specimens showed less ultimate strains compared to the other cases. In Table 1 , the ratio (f fu /f ft ) between the peak strength and cracking strength was presented. As shown in the table, the SPREAD and TAB specimens showed high values of f fu /f ft ; 1.77 for SPREAD and 1.54 for TAB specimens, respectively. This means that the peak strength was significantly higher than the cracking strength.
Idealized Stress-Strain Response Curves of TRM Test Specimens
In this study, idealized tensile stress-strain response curves of the TRM test specimens were proposed based on the guidance specified in the test standard ACI 549. 4R-13 (2013) . The response curves were simply plotted as bilinear curves with only one transition point (cracking point) between the cracked and uncracked stages. Figure 10 illustrates a bilinear stress-strain curve Page 11 of 13 Kim et al. Int J Concr Struct Mater (2018) 12:73 of a TRM test specimen. In the figure, it can be seen that in the uncracked stage, the stress-strain curve is linearly characterized by the initial stiffness (E); whereas in the cracked stage, the stress-strain curve is linearly characterized by the modulus of elasticity E f . The elastic modulus of cracked stage can be calculated as shown in Eq. (1) below;
(1)
Moreover, as shown in Fig. 10 , to characterize the tensile behavior of a TRM specimen, additional mechanical parameters should be considered, including peak strength (f fu ), correlative ultimate strain (ɛ fu ), tensile strength (f ft ) and correlative strain (ɛ ft ) at the transition point. From the experimental results, such mechanical parameters could be determined and the obtained values are presented in Table 1 . Page 12 of 13 Kim et al. Int J Concr Struct Mater (2018) 12:73 Figure 11 presents the idealized tensile stress-strain response curves of the TRM test specimens in this study. In general, the method proposed by ACI 549. 4R-13 (2013) could be effectively applied to illustrate the stress-strain curve of TRM specimens using different anchorage methods. In particular, in the first stage (uncracked stage), the analytical stress-strain curves showed a good agreement with the experimental curves. In the second stage (crack stage), in the cases of specimens SPREAD (Fig. 11b) , TAB (Fig. 11c) , and SL_COAT (Fig. 11f ) , the analytical stress-strain curves were slightly above the experimental results. It was due to the fact that the elastic modulus of cracked stage (E f ) was slightly higher than that obtained from the experimental results. Note that E f was calculated based on the mechanical parameters including peak strength (f fu ) and correlative ultimate strain (ɛ fu ) [see Eq. (1)], which might be affected by the anchorage methods used in this study. However, the number of test data was very limited in this study. Thus, to get improved E f , accumulated test results are needed considering the anchorage effect.
Conclusions
Tensile tests have been performed to investigate the tensile behaviors of TRM specimens, which were made from carbon fiber-textile reinforcement and aluminum cement-based mortar. Five different anchorage methods in the gripping areas-including SPREAD, TAB, REBAR, L_COAT and SL_COAT-were proposed to enhance the mechanical properties of TRM specimens. The primary findings are as follows:
1. Most failure mode of test specimens was governed by partial fibers rupture after cracking occurred in the mortar. However, the REBAR specimen was governed by fibers slippage within the mortar matrix. 2. Due to the tension stiffening effect of mortar matrix, except for the case of REBAR specimen, the tensile stress-strain response curves of other test specimens were located above that of carbon fiber filaments. 3. The cracking and peak strengths of the TRM specimens, using anchorage methods, increased significantly up to 66.1 and 97.9%, respectively, compared to those of the BASE specimen. 4. The use of SPREAD and TAB methods showed a ductile behavior with the ultimate strain up to 0.0059 and 0.0055, respectively. The REBAR specimen also exhibited a greatly ductile behavior with an ultimate strain of up to 0.01. Meanwhile, the use of coating and carbon fiber sheets as anchorage methods resulted in brittle behaviors of the L_COAT and SL_ COAT specimens with ultimate strains lower than the minimum strain for the flexural member (0.004), as specified in ACI 318-14. 5. The tensile stress-strain behavior of the TRM specimens in this study could be simply idealized by bilinear stress-strain response curves based on the test standard ACI 549.4R-13. The mechanical parameters for the idealized bilinear stress-strain curves were obtained from the test results.
